vated diploid species S. stenotomum Juz. and Bukasov. Cribb and Hawkes (1986) 
T he potato and its wild relatives (S. sect. Petota from tubers collected on Chiloé Island). Hawkes (1990) Dumort.) harbor a wealth of both wild and cultitreated these three taxa as subsp. tuberosum. Juzepczuk vated tuber-bearing species distributed from the southand Bukasov (1929) suggested that S. palustre Schltdl. western USA to central Argentina and adjacent Chile (then treated as S. brevidens Phil.) may be a progenitor. (Hawkes, 1990) . The taxonomic treatment of section Hawkes (1990) proposed that subsp. andigenum evolved Petota varies greatly among authors (Spooner and van into subsp. tuberosum after transport to Chile, parallel den Berg, 1992). Hawkes (1990) recognized 217 wild with the evolution of subsp. tuberosum from subsp. andiand seven cultivated potato species with morphological data. Spooner and Hijmans (2001) list 199 wild species.
genum in Europe. On the basis of starch grains, Ugent The cultivated species range in ploidy level from diploid et al. (1987) proposed the wild species S. maglia Schltdl. (2n ϭ 2x ϭ 24) to pentaploid (2n ϭ 5x ϭ 60).
as a progenitor of subsp. tuberosum. Grun (1990) hyThe Andean and Chilean tetraploid cultivated potapothesized that subsp. tuberosum evolved from a cross toes have been treated as two separate species, S. andibetween subsp. andigenum and an unidentified wild genum Juz. and Bukasov and S. tuberosum L.; as subspespecies. cies of S. tuberosum; and as two cultivar groups within
The genetic relationships and extent of genetic differ-S. tuberosum (Huamá n and Spooner, 2002) . Cultivar entiation between S. tuberosum subsp. tuberosum and groups are taxonomic categories used by the Internasubsp. andigenum is unresolved. On the basis of cytotional Code of Nomenclature of Cultivated Plants plasmic sterility factors, geographical isolation, and eco-(ICNCP) to associate cultivated plants with traits that logical differences, Grun (1990) suggested that subsp. are of use to agriculturists, but imply no phylogenetic tuberosum was distinct from subsp. andigenum. Hawkes differences between the groups. Species and subspecies, (1990) distinguished the two subspecies by subsp. tuin contrast, are treated by the International Code of berosum having fewer stems with foliage aligned at a Botanical Nomenclature (ICBN) and generally assume broad angle to the stem and having less-dissected leaves phylogenetic differences . Subspewith wider leaflets and thicker pedicels. Chloroplast cies tuberosum is indigenous to Chiloé Island, the Cho-DNA (cpDNA) restriction site data documented five nos Archipelago to the south and adjacent areas in chloroplast genotypes (A, C, S, T, and W types) in S. south-central mainland Chile. Subspecies andigenum is tuberosum, which included subsp. tuberosum and andiindigenous to Andean South America and ranges from genum. Subspecies andigenum has all five types and Venezuela to northern Chile and Argentina (Hawkes, native Chilean subsp. tuberosum has three types: A, 1990).
T, and W (Hosaka and Hanneman, 1988) . The most Swaminathan and Magoon (1961) hypothesized that frequently observed type in Chilean subsp. tuberosum subsp. andigenum arose through autoploidy of the cultiis T, which is characterized by a 241-base-pair deletion (Kawagoe and Kikuta, 1991) . is designed to test differences between the two subspecies of S. tuberosum using the mapped potato microsatellite loci of Milbourne et al. (1998) . Microsatellite or simple sequence repeats present a relatively new and promising technique to examine the genetic difference of subsp. tuberosum and subsp. andi-MATERIALS AND METHODS genum. Microsatellites are tandemly repeated short sePlant Materials quences of 1 to 6 base pairs (bp) in length, spread throughout the genome, highly polymorphic, and have Thirty-seven accessions of landrace populations of subsp. been used to investigate relationships among closely andigenum and 35 of subsp. tuberosum, which represent a wide geographical range, were used in this study (Table 1; Fig. related taxa (Goldstein and Pollock, 1997) . This study 1). Most accessions came from the USDA Potato Germplasm Morphological data (Grun, 1990; van den Berg et al., 1998 ) and randomly amplified polymorphic DNA (RAPD) and reBank (Bamberg et al., 1996) . Raker and M.L. Ugarte collected tubers of five additional landraces near Lake Titcaca in Bolivia striction fragment length polymorphism (RFLP) data (Miller and Spooner, 1999) Spooner and Castillo (1997) were chosen as ingroups (Table  1) . Ingroups include monophlyetic groups while outgroups are 2. Raker and J. Fernandez collected leaf samples preserved in silica gel of four additional landraces of S. tuberosum from comprised of distantly related relatives chosen from Clades 1, 2, and 3 of Spooner and Castillo (1997) . Chiloé Island, Chile, in January 1998 (Table 1 ; Accessions 88-91).
Seeds from the U.S. Potato Genebank were planted in a 4.0d65 (Swofford, 1998) , where branching trees were built using the tree building methods of unweighted pair group
Amplification and Fragment Analysis
method with arithmetic means (UPGMA; Sokal and Sneath, 1963) , neighbor-joining (Saitou and Nei, 1987) , and unPrimers of 23 mapped microsatellite loci from Milbourne weighted least-squares methods (Fitch and Margoliash, 1967) . et al. (1998) (stm0007, stm0010, stm0013, stm0019, stm0025, All trees were built using a random input order. The unstm0037, stm0038, stm0051, stm0052, stm1003, stm1006, weighted least-squares tree was generated using a heuristic stm1008, stm1017, stm1020, stm1029, stm1031, stm1049, stepwise-addition search for 10 replicates. The distance matristm1055, stm1069, stm1100, stm1104, stm2020, and stm3016) ces were also entered into KITSCH, a program within PHYwere labeled with fluorescent dyes (FAM, HEX, TETRA LIP version 3.573c (Felsentein, 1995) , to obtain a Fitch-Marfrom Applied Biosystems, Foster City, CA) and used to amgoliash method with contemporaneous taxa (power ϭ 2.0; 10 plify DNA from one seedling per accession (Table 1) . Reaction random replicates). Significant differences in allele distribuconditions were optimized as described in Provan et al. (1996) . tions were determined in JMP statistical software (SAS InstiConditions for a 25-L reaction were as follows: 1XPCR tute, 1995) by the Tukey-Kramer honestly significant differBuffer II (Perkin Elmer, Norwalk, CT), 1.5 mM MgCl 2 , 0.2 ence (HSD) test. mM deoxyribonucleoside triphosphates, 0.4 M of each primer pair (labeled forward and unlabeled reverse), 1 unit of AmpliTaq Gold (Perkin Elmer), and 10 to 20 ng of DNA. ranged from 6 in stm1069 to 19 in stm0019, with a mean Fluorescent peaks were labeled as fragment sizes by using of 11.6 alleles per locus.
RESULTS

All reactions were amplified in a Perkin
Genotyper v. 2.1 (PE Biosystems). All peaks were manually Allelic distributions varied by ploidy, taxonomy, and edited using Genotyper's manual click option. Peaks were taxonomic distance (ingroup vs. outgroup) ( Table 2) . mean number of heterozygous alleles per accession. However, mean number of alleles per accession were significantly (P ϭ 0.05) different between the two sub-1 Names are necessary to report data. However, the USDA neither species. All other comparisons were highly significant guarantees nor warrants the standard of the product, and the use of (P ϭ 0.05), with the greatest difference occurring in the the name by the USDA implies no approval of the product to the exclusion of others that may also be suitable.
number of null alleles present in the ingroup and the outgroup comprised of mostly tetraploids and dipthe IAM with neighbor-joining and least-squares distinguished subsp. tuberosum from subsp. andigenum. Subloids, respectively.
Dinucleotide repeats (Milbourne et al., 1998) consisspecies andigenum is intermixed with other cultivated species and members of their progenitors in the S. brevitently showed two-bp differences in allele sizes, while the trinucleotide repeats varied. Primers stm1069 and caule complex, concordant with nuclear RFLP and RAPD results of Miller and Spooner (1999) . stm1049 amplified fragments with two-bp differences instead of the expected three (Milbourne et al., 1998) , Although microsatellites are claimed to be useful for species-level phylogenies (Takezaki and Nei, 1996) , it hence we treated it as a dinucleotide repeat for the ‫ץ‬ 2 analysis. Primers stm1104 and stm1017 showed a oneappears there is no consensus among researchers as to which evolutionary model is most appropriate for bp difference and we treated them as single nucleotide repeats in the ‫ץ‬ 2 distance calculation. Primer stm1029, reconstructing phylogenies based on microsatellite data (Feldman et al., 1999; Goldstein and Pollock, 1997) . which amplifies a single nucleotide repeat region, showed alleles of two-bp differences; thus we considered it a Therefore, trees of S. tuberosum were constructed using both the SMM model ‫ץ(‬ 2 ) (Goldstein et al., 1995) and dinucleotide repeat.
the IAM model of Nei (1972) . Both models failed to absolutely distinguish subsp. andigenum from subsp. tu-
Comparison of IAM and SMM Trees
berosum, or from the other cultivated species. Neither The IAM model consistently generated trees that method will clearly separate subsp. andigenum from placed the replicate sample and the two individuals from some of its ingroup relatives in the S. brevicaule complex duplicate accessions near each other (Fig. 2) . Conand other cultivated species (Grun, 1990; Miller and versely, all trees generated from SMM separated the Spooner, 1999) . replicate samples and duplicate accessions, intermixing It is possible that neither the SMM, which calculates subspecies of S. tuberosum, cultivated species, and S. distances based on the number of repeats, nor the IAM, brevicaule taxa.
which evaluates all possible alleles, provides the best The IAM or neighbor-joining tree (Fig. 2) separated assessment of the diversity and substructure of S. tubero-33 of the 35 accessions of subsp. tuberosum, intermixed sum (Di Rienzo et al., 1994) . The SMM and IAM models with S. maglia. It placed two accessions of subsp. tuberowere designed for diploids, thus neither method may sum with subsp. andigenum that also contained eight best estimate the distance between the accessions examaccessions of wild or other cultivated species. Two accesined. The microsatellite results (Fig. 2) are not totally sions of subsp. andigenum grouped with the outgroups. congruent with the outgroup relationships of Spooner The tree placed the cultivated species S. ϫ ajanhuiri and Castillo (1997), suggesting that microsatellite data Juz. & Bukasov, S. ϫ curtilobum Juz. & Bukasov, S.
show homoplasy with more distant related taxa. Dephureja, and S. stenotomum within the ingroup, and the creasing utility of microsatellites with increasing taxooutgroups in the basal branch but intermixed with two nomic distance is also clear from the much greater numaccessions of S. tuberosum subsp. andigenum and seven ber of null alleles in the outgroup (Table 2) , as is other ingroups.
common in most other systems studied (Roa et al., 2000) . Because the source of the primer sequences is S.
DISCUSSION
tuberosum (Milbourne et al., 1998) , our ingroup results are more likely to be valid.
Utility of Microsatellites for Classification of Solanum tuberosum Taxonomy and Origins of Solanum tuberosum
High levels of polymorphism and heterozygosity in the microsatellite regions of S. tuberosum suggest that Various hypotheses have been proposed to explain the origins of the cultivated tetraploid potato. Infinite microsatellites may be a useful tool to detect genetic differences between closely related taxa. In this study, allele model or neighbor-joining results (Fig. 2) support 
